The Electrical Engineering and Mechatronics Department has developed a Building Mechatronics Research Center, where professors and researchers engage in several projects regarding the energy consumption of buildings, which are focused on the importance of the economic return of building modernizations via simulations. In this article, the prevalent energetic modernization of buildings and their payback period in Hungary are introduced.
Introduction
Currently, reducing the use of fossil fuels is a serious problem. The solution to this problem is sought for by researchers, engineers and economics experts. The members of the European Union implemented several strategies to reduce the energy consumption and the CO 2 emissions and to increase the efficiency of the extent and use of systems.
The most significant energy consumer is the building sector. This fact is particularly true in Hungary because most of the buildings were built before the 1980s.
In the University of Debrecen, Faculty of Engineering, Electrical Engineering and Mechatronics Department, explorations are underway regarding renewable energy systems, reducing energy consumption and intelligent buildings to address the energy use of buildings. In this article, the economic return of energetic modernization of buildings is analyzed.
Experimental
In this section, the methodology for analyzing the economic return of energetic modernization of buildings is introduced. During the experiment, the energy consumption of a 130 m 2 residential building was examined, and then the simulated consumption data were subjected to further processing. 
Energy simulation
The energy simulations are performed using energy simulation software called EnergyPlus TM , as demonstrated (EnergyPlus TM , 2013) The simulation interval is set to one year to allow us to investigate both a summer cooling period and a winter heating period. During the study, several energetic modernizations were examined in two different cities in Hungary: Debrecen and Szombathely. In this article, the simulation results for Debrecen are presented. Two built-in models transformed according to the Hungarian practice (such as special days, latitude and longitude, time zone, elevation, and weather file).
The above-mentioned models are composed of the following components. Fig. 2 shows the model, which contains only a furnace. Using this model, several energetic modernizations were simulated, such as wall insulation, heating and cooling system replacement, as demonstrated (Aviza et al., 2013; Bizzarri et al., 2006; Heo, 2011; Kumbaroglu et al., 2012) . The results of these simulations are presented in the results and discussion section. Fig. 3 shows a furnace with a heat pump system. The basic concept is similar, but in the second model, the main heating part is a heat pump, and the heating coil is only supplemental as demonstrated (Lund et al., 2004) Parametric analyses of these various cases (versions) of the models are produced using jEPlus software after running the basic EnergyPlus simulation. This process is available in EnergyPlus as well, but in this case, the use of jEPlus was more practical, as demonstrated (Zhang 2009; Zhang and Korolija 2010) . Table 1 presents the parameters of these versions. 
Economic analysis
In the economic analysis, the Net Present Value (NPV henceforth) methodology is used, as demonstrated (Arshad, 2012; Illés, 2007 Illés, , 2012 . The calculation is performed as the difference between the annual incomes and the annual expenses. Here, the annual income denotes the savings due to the energetic modernization measures. The annual expense denotes the charges in the electricity and gas annual consumption. The result is the annual increment. By discounting and then summing these annual increments during of the experiment, the eventual result is obtained. The NPV helps to make a decision about a project: whether to accomplish it or which project provides the greatest annual increment. The value set of the NPV can be a negative value, zero, or positive value. If the NPV is a non-negative value, the implementation of the project is economical.
In Debrecen, the supplier of electricity is EON Ltd., and the supplier of gas is TIGÁZ Ltd. The gross charge of annual electricity consumption (GCAEC hereafter) is described by Eq. (1), and the gross charge of annual gas consumption (GCAGC hereafter) is described by Eq. (2).
where:VAT: value-added tax; UP: unit price; EC: energy consumption; SR: Standard rate In Hungary, the value of gas-electricity equivalent is 3; i.e., 1 unit of electricity is equivalent to 3 units of gas. The energy consumption consists of the two above-mentioned parts: the electricity consumption and gas consumption. The savings are calculated with the difference between the new state's energy consumption in HUF and the basic state's energy consumption in HUF.
Results and discussion
In this part of the article, the simulated data regarding the energy consumption and the calculated data regarding the economic payment are presented. Table 2 presents the data regarding the difference of the investment costs and the difference of one-year savings with different insulation thicknesses. The upper triangle (green) of the matrix presents the above-mentioned investment costs, and the lower triangle (orange) of the matrix presents the achievable savings during one year. The matrix helps to make decisions regarding the investment by comparing the annual savings and the costs of this energetic modernization. Negative values mean no savings because the insulation. Fig. 4 shows the annual energy consumption (total, electricity and gas) in GJ units. For versions 1-6, the electricity is nearly constant, and for versions 7-10 the electricity consumption decreases. In the all cases, the gas consumption varies significantly. In versions 6-10, total energy consumption decreases significantly. In version 6 the electricity consumption increases, while gas consumption decreases. In versions 7-10 the consumption of total energy, electricity and gas decreases because wall insulation. Consequently, the total energy consumption decreases compared with the basic state. The best condition is available for version 10. Fig. 5 shows the percentage change of different annual energy consumption (total, gas, electricity) values in HUF compared with the basic state. The decrease in the gas and electricity and therefore the decrease in the total energy consumption are found in versions 2-5.
Versions 6-10 exhibit remarkable reduction of the thermal energy. In these cases, significant thermal energy can be saved, while the electricity consumption remains nearly the same. In these versions, the total energy savings are also achieved. However, for version 6, the annual electricity consumption even exceeds the basic state, the annual total energy consumption is less than in basic state (V1). Fig. 6 shows the rate of savings and investments in different cases. The ratio will be greater if the savings are increasing or if the investments are decreasing. The results indicate that in all versions savings are generated, but versions 9 and 8 are the best choices because the rate of these cases is the greatest. Fig. 7 shows the payback period for cases 2-10 over 15 years. Every energetic modernization measure of the examined investments results in savings. Versions 7-10 show a return between the sixth and seventh years. Version 6 clears its cost in the ninth year, respectively. Version 3 shows a return between the tenth and eleventh years. The other versions clear their costs after the twelfth year.
Conclusions
In practice in Hungary, the price of one unit of gas energy is less expensive than electricity because the gas and electricity equivalent of the heat pump can work economically if the seasonal average COP value is greater than 3. Because the more effective engineering systems (mainly the heating and cooling systems), the net energy demand changes significantly.
The payback period of the wall insulation investment is approximately 10-12 years without fenestration replacement. The payback period of heating system replacement only is 9 year. This modernization scenario corresponds to the requisite building energy use, which will be implemented in 2020. 
